Background {#Sec1}
==========

The U.S. Military maintains extensive records on the health of US Military personnel and their families via its healthcare system. However, information regarding health behaviors is not usually present in these records. Therefore, to systematically assess health behaviors among active duty personnel, the U.S. Department of Defense conducts a triennial Health Related Behaviors Survey (HRBS) of active duty military personnel \[[@CR1]\], which assesses a range of self-reported health behaviors and risks, such as physical activity, diet, drug and alcohol use, posttraumatic stress, and doctor-informed medical conditions. The representative survey includes responses from participants in all branches of the Department of Defense \[DoD\] (Army, Navy, Marine Corps, and Air Force), as well as U.S. Coast Guard \[USCG\] members. The survey is voluntary and anonymous, and is used to guide the health-related policies in the Armed Forces. The HRBS provides data that are otherwise unavailable in this large subset of the U.S. population, approximately 1.3 million service members, since active duty military are excluded from national or state health-related surveys, such as the National Health and Nutrition Examination Survey (NHANES) or the Behavioral Risk Factor Surveillance System (BRFSS).

HRBS data have been used in a number of ways to study active duty and USCG personnel, for example, to identify whether they meet the *Healthy People 2010* objectives \[[@CR2]\], to describe mental health patterns and associations \[[@CR3]--[@CR5]\], and assess changes over time in self-reported overweight/obesity \[[@CR6], [@CR7]\]. In depth analysis of demographic characteristics and health-related behaviors, and their association with self-reported health outcomes, may alter the manner in which military personnel are assessed and counseled for potential modifiable and non-modifiable demographic and behavioral risks. Furthermore, associations between health behaviors and disease risk factors may be different in military versus non-military populations due to differences in occupational demands and lifestyle characteristics. For example, deployment absences and frequent moves are sources of family stress that are more common in military than civilian families \[[@CR8], [@CR9]\]. Military personnel are required to meet standards of physical fitness and weight (or body composition) \[[@CR10]\] and engage in regular physical training \[[@CR11], [@CR12]\]. Military personnel are part of a workforce with institutionalized standards and a unique warrior culture and ethos not present in the civilian workforce. \[[@CR13]\] The unique occupational demands frequently involve high risk activities (e.g., combat), which are an inherent part of military service \[[@CR14]\]. Also in contrast to civilians, and of specific relevance to the present research, military personnel and their dependents are eligible to receive healthcare at little or no cost \[[@CR9]\].

Therefore, the aims of this study were to examine relationships between generally unmodifiable sociodemographic factors (e.g., age, sex, race/ethnicity) and self-reported health behaviors (e.g., exercise and diet), as well as relationships between these sociodemographic factors and self-reported, doctor-informed medical conditions (i.e., hypertension, dyslipidemia, and hyperglycemia) and overweight/obesity. We also examined the relationships between these self-reported health behaviors and the medical conditions.

Methods {#Sec2}
=======

Survey participants {#Sec3}
-------------------

The 2011 HRBS was conducted by ICF International under contract with the Office of the Assistant Secretary of Defense for Health Affairs, Tricare Management Activity (TMA; now Defense Health Agency), and the USCG \[[@CR15]\]. Primary data collection was approved by the Office of the Assistant Secretary of Defense for Health Affairs/TRICARE Management Activity (OASD (HA)/TMA), Human Research Protection Office. Informed consent was required and obtained at the beginning of the HRBS, and responses were anonymous. For the present secondary data analyses, we obtained a de-identified data file from TMA through a data use agreement. Because the data were previously collected and de-identified, the protocol for the present study was deemed exempt (not human subject research) by both the U.S. Army Research Institute of Environmental Medicine (Natick, MA) and the Office of the Assistant Secretary of Defense for Health Affairs/TRICARE Management Activity (OASD (HA)/TMA), Human Research Protection Office.

The sampling strategy, survey administration, and questionnaire format are extensively described in the initial report of the 2011 HRBS \[[@CR15]\]. In brief, a stratified random sample was drawn from all non-deployed active duty Army, Navy, Marine Corps, Air Force, and USCG personnel. A second stratified random sample was drawn within each service branch using a combination of sex and pay grade as stratification variables. The resulting group was randomly divided into a group to whom invitations to take the survey were sent, as well as two other groups to use in case of a low response rate. The USCG used a different sampling method, dividing its population into two groups, one of which was sampled using geographic clustering while the other was sampled using stratification on work setting, sex, and pay grade. The eligible sample of potential respondents was 168,664 (154,011 from the DoD services and 14,653 from the USCG) \[[@CR15]\].

Invitations to participate in the survey and reminders to complete it were distributed via email. Participants were allowed to opt out of taking the survey. The survey was available for 5 months after the initial invitations were sent in August 2011 (October 2011 for USCG). Those who did not have listed email addresses were mailed physical invitations. The response rate was 22% from the DoD services, and 37% from the USCG, with a total of 39,877 usable, eligible responses \[[@CR15]\]. Individuals who did not respond to questions on the variables of interest were excluded from the present analysis, for a final analytic sample size of 27,034. Characteristics of those included and excluded from the present analyses are provided in Additional file [1](#MOESM1){ref-type="media"}: Table S1.

All variables described below are derived from responses to the publicly available 2011 HRBS questionnaire \[[@CR16]\].

Sociodemographic variables {#Sec4}
--------------------------

Sociodemographic variables included in the present analysis were service branch, sex, age, race/ethnicity, education, pay grade, marital status, and presence of minor children living with the respondent. Specifically, respondents were asked to report service branch (Army, Navy, Marine Corps, Air Force, Coast Guard), sex (male, female), age (\< 20, 21--25, 26--35, 36--45, 46--65 years), education (up to high school or equivalent, some college without a degree, 2-year college degree, 4-year college degree, graduate education), race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, and other/multiple race/ethnicity), pay grade (7 categories), current marital status (never married, married, separated/divorced/widowed), and number of children \< 18 years living with the respondent at the duty station (0, ≥1 children).

Health behavior variables {#Sec5}
-------------------------

Health behaviors assessed included modifiable lifestyle factors: dietary intake, physical activity, cigarette smoking, alcohol intake, and sleep.

The 2011 HRBS questionnaire \[[@CR16]\] asked about food intake during a given week, specifically the frequency of consumption of fruit (including "fresh, frozen, canned, or dried"), starchy vegetables (including "white potatoes, corn, peas"), vegetables (including "fresh, frozen, canned, cooked, or raw \[not fried\]"), whole grains (including "rye, whole-grain bread, brown or wild rice, whole-wheat pasta, oatmeal, etc."), dairy (including "milk, yogurt, cheese, etc."), lean protein (including "baked or broiled lean \[low fat\] meat, eggs, natural peanut butter, nuts, beans or legumes, tofu"), snack foods (including "potato chips, corn chips, pretzels"), sweets (including "chocolate, candy, cake, pie, breakfast bars, etc."), sugary drinks (including "juice, regular soda, Kool-Aid, Yoo-hoo, sports drinks, etc."), caffeinated drinks (including "coffee, tea, or energy drinks \[Red Bull, Monster, 5-Hour Energy, Power Shots, etc.\]"), and fried foods (including "French fries, fried chicken, donuts, etc."). Response choices for each food were: rarely/never to ≥3 times per day. Each reported instance of eating a given food was counted as one serving of that food. For example, if a respondent reported they ate fruit twice per day, it was coded as two servings of fruit per day.

Respondents were asked about the frequency (daily to "not at all in the past 30 days") and duration (≥60 min/day to "never in the past month") of moderate ("exertion that raises heart rate and breathing, but you should be able to carry on a conversation comfortably during the activity") and vigorous ("exertion that is high enough that you would find it difficult to carry on a conversation during the activity") physical activity and strength training. Responses were recoded into minutes per week and summed for total physical activity; moderate and vigorous exercise minutes were also summed for total aerobic physical activity.

Cigarette smoking was classified into never-smoked, former smoker (abstinent for \> 6 mo), or current smoker based on responses to questions on lifetime cigarette smoking, last smoking occasion, current smoking, and cigarettes per day.

Alcohol intake (drinks/day in last month) was quantified based on responses to questions on the average frequency and amount of alcohol consumed in the last month.

Sleep (hrs/d) was coded based on reported sleep hours in a typical 24-h period in the previous week. Reported typical sleep hours ≤2 or ≥ 16 h/d over the previous week were considered non-habitual (i.e., rare or due to extenuating circumstances such as periodic training exercise, illness, etc.).

Doctor-informed medical condition and overweight/obesity variables {#Sec6}
------------------------------------------------------------------

Medical conditions in the present analysis included overweight/obesity, and 4 doctor-informed health conditions (hypertension, hypercholesterolemia, low HDL cholesterol, hyperglycemia).

Respondents were asked to report their height (feet and inches) and their weight (pounds). Body mass index (BMI) was calculated as the weight (kg) divided by the square of the height (m). BMI values ≤12 or ≥ 50 kg/m^2^ were considered implausible.

Respondents were asked whether they had been told by a doctor or other health care professional that they had high blood pressure, high blood sugar, high cholesterol, low HDL cholesterol ("low amounts of good cholesterol"), or high triglycerides ("blood fat"). Response choices were "No", "Yes, within the past 2 years," or "Yes, more than 2 years ago". Either yes response was coded as having the condition.

Other covariates {#Sec7}
----------------

In addition to the above, we included weight history based on whether a respondent reported having had to lose weight to enter service and if so, how much (5-lb categories ranging from 0 to ≥30 lbs). Respondents were also asked whether they were currently enrolled in mandatory weight control program (yes, no). A yes response was considered a marker of history of overweight/obesity, irrespective of current reported (calculated) BMI. We also assessed history of deployment since September 11, 2001 (yes, no).

Statistical analysis {#Sec8}
--------------------

The original survey incorporated sample weights applied post-stratification to compensate for lower response rates and disparate selection probabilities across strata and enable the sample to resemble the active duty population as a whole. Separate weights were applied for USCG members based on the mode of sampling used with the goal to reflect the entire population of the USCG \[[@CR15]\]. In the present analysis, we used a restricted sample with complete responses on questions/variables of interest (exclusions noted above). Because responses may be missing at random, or missing completely at random, for systematic reasons (e.g., survey length), or for biased reasons (e.g., undesirable response), and because such reasons are unknown, we did not impute responses of non-completers from completer data. However, to maintain consistency of the restricted sample with the respondent sample, and thus, with the active duty population, we adjusted the original sample weights by multiplying the original weights of respondents within each stratum (service, sex, pay grade) by the number of completers in each stratum. These adjusted sample weights were used in the present analyses.

For binary dependent variables, logistic regression was used to estimate odds ratios (OR) and 95% confidence intervals (CI) of the outcome; for continuous dependent variables, linear regression was used to estimate least square means and standard errors of the dependent variable in categories of the independent variables. Survey procedures available in SAS (v9.3, Cary, North Carolina) designed to deal with complex survey designs and sampling weights were used. Statistical significance was set at α = 0.05.

The present analyses evaluated the following associations: 1) demographic characteristics with health behaviors; 2) demographic characteristics with doctor-informed medical conditions and overweight/obesity, and 3) health behaviors with medical conditions. Models of demographic characteristics predicting either health behaviors or medical conditions included all demographic characteristics simultaneously, and additionally adjusted for enrollment in weight loss program, weight loss history, and deployment history. There were 3 models of health behavior associations with medical conditions: model 1 included all behaviors simultaneously; model 2 additionally adjusted for all demographic characteristics; model 3 additionally adjusted for enrollment in weight loss program, weight loss history, and deployment history. Results from all models can be found in the Additional file [1](#MOESM1){ref-type="media"}; for simplicity we present only the results of the fully adjusted model in the main text.

Given the large number of health behaviors evaluated, we also conducted secondary exploratory factor analysis to assess possible patterns within the 17 behaviors of diet, exercise, sleep, alcohol, smoking, that may predict medical conditions. Four factors (named "Healthy diet," "Unhealthy diet," "Exercise," and "Bad habits"; Additional file [1](#MOESM1){ref-type="media"}: Table S2) were derived using a principal components approach, with varimax orthogonal rotation, retaining eigenvalues ≥1. Factors were named based on factor loadings \>\|0.20\| and subsequently included in logistic regression models (models 1--3, as above, where behaviors were replaced with factors) assessing their associations with medical conditions.

Results {#Sec9}
=======

Of the 27,034 respondents included in the analysis, 29, 17, 21, 19, and 14%, were in the Air Force, Army, Marines, Navy, and USCG, respectively (Table [1](#Tab1){ref-type="table"}). The weighted mean (SEM) age of respondents was 29.9 (0.1) years; weighted percentages showed 14.7% were female, 69.8% identified as non-Hispanic white, 8.6% as non-Hispanic black, 25.5% had at least a high school education, 37.2% had completed some college, 58.9% were married, and 39.9% had one or more children residing with them. Just over 10% reported having to lose some weight to join a service, but only 3% reported being currently enrolled in a weight control program. A majority of respondents (61.3%) reported having been deployed at some point since September 11, 2001.Table 1Characteristics of 27,034 respondents to the 2011 Health Risk Behavior Survey, by service branchAir ForceArmyMarine CorpsNavyCoast GuardTotal SampleCharacteristics ^a^NMean ± SEM or %NMean ± SEM or %NMean ± SEM or %NMean ± SEM or %NMean ± SEM or %NMean ± SEM or %SociodemographicAge, y784629.87 ± 0.09472631.96 ± 0.15560826.63 ± 0.10516930.61 ± 0.13368531.05 ± 0.1327,03429.86 ± 0.06  \< 20 y5136.71214.3846612.441073.75742.4612816.35 20--≤25 y224529.363821.49161943.4791128.3476124.36617430.03 25--≤30 y170723.986222.96119521.07105124.2591026.64572523.58 30--≤35 y116915.885117.9487510.5497717.1475920.87463116.04 35--≤40 y122013.694716.548417.6997014.3957213.29455012.98  \> 40 y99210.7130716.706124.78115312.1360912.39467311.02Sex, female281619.8164714.315727.2193616.655613.17852714.7Education High school or equiv.109615.953119.99173643.7889126.6179123.42504525.5 Some college262036.4143537.34205136.38155335.62142741.99908637.2 2-year college160819.065612.514205.8475711.8839110.37383212.6 4-year college8629.581915.308169.1885212.0848112.46383011.3 Beyond college166019.2128514.865854.83111613.8159511.76524113.4Race/ethnicity Non-Hispanic white573674.3306266.8369967.0332563.0286177.418,68369.8 Non-Hispanic black6867.671912.05428.168011.41353.427628.6 Hispanic80410.256413.198317.859213.341212.1335513.1 Other/multiple6207.93818.13847.257212.32777.222348.5Marital status Never married227029.384223.12155939.75132331.4994228.13693630.7 Currently married466960.4312664.44338851.27313857.27236562.2116,68658.9 Separated/divorced/ widowed90710.375812.456618.9970811.233789.67341210.5Children, N78460.81 ± 0.0147260.85 ± 0.0256080.60 ± 0.0251690.75 ± 0.0236850.79 ± 0.0227,0340.76 ± 0.01 None453757.6249657.31311668.02276960.14202657.2114,94460.1 One or more330942.40223042.69249231.98240039.87165942.7912,09039.9Pay grade^b^ E1-E4271835.96120547.48185057.8295739.1499333.15772342.7 E5-E6218634.39108424.88152923.46157234.70129337.46766430.9 E7-E912879.9967310.038597.4910698.8948110.7943699.4 WO1-WO5----5172.843121.112280.501633.5112201.3 O1-O3105211.34858.905646.667639.80400\`32599.3 O4-O106038.347625.874943.455806.973556.1427946.3Enrolled in current weight control program1451.831453.821432.712033.921083.267443.0Weight loss to join service None707689.87423287.99500087.03473490.84338791.3424,42989.3  \< 5 lbs700.80390.92560.74350.58260.662260.8 5--9 lbs1862.221433.031562.381021.93742.226612.3 10--14 lbs2012.751192.501392.931232.21591.676412.5 15--19 lbs841.13511.30731.89541.35451.413071.4 20--29 lbs1081.45481.23731.76591.27381.053261.4  ≥ 30 lbs1211.78943.041113.26621.82561.654442.3Deployed since 9/2001438457.25358769.25382057.96394970.22198052.5817,72061.26Health behaviorsDietary intake (ser/wk) Fruit78468.74 ± 0.0847267.81 ± 0.1256087.98 ± 0.1151698.64 ± 0.1236859.11 ± 0.1127,0348.45 ± 0.05 Starch5.94 ± 0.066.11 ± 0.106.29 ± 0.106.04 ± 0.106.12 ± 0.096.09 ± 0.04 Vegetables9.75 ± 0.089.12 ± 0.128.68 ± 0.119.54 ± 0.1210.20 ± 0.119.44 ± 0.05 Whole grains9.70 ± 0.089.24 ± 0.129.17 ± 0.119.24 ± 0.129.69 ± 0.119.42 ± 0.05 Dairy9.61 ± 0.079.25 ± 0.138.89 ± 0.129.05 ± 0.129.97 ± 0.119.35 ± 0.05 Lean meat9.81 ± 0.079.41 ± 0.139.48 ± 0.129.40 ± 0.1210.12 ± 0.119.64 ± 0.05 Snacks3.66 ± 0.053.68 ± 0.094.17 ± 0.093.89 ± 0.093.84 ± 0.083.84 ± 0.04 Sweets3.61 ± 0.053.75 ± 0.093.80 ± 0.093.85 ± 0.093.66 ± 0.083.73 ± 0.04 Sugary drinks4.68 ± 0.075.86 ± 0.146.22 ± 0.125.05 ± 0.124.39 ± 0.105.24 ± 0.05 Caffeinated drinks7.38 ± 0.088.47 ± 0.147.66 ± 0.138.02 ± 0.139.25 ± 0.138.01 ± 0.05 Fried food2.72 ± 0.042.85 ± 0.083.26 ± 0.083.04 ± 0.082.66 ± 0.062.90 ± 0.03Exercise (min/wk) Moderate aerobic7846159.9 ± 1.54726203.6 ± 2.75608186.8 ± 2.55169166.3 ± 2.43685162.6 ± 2.327,034174.7 ± 1.0 Vigorous aerobic110.8 ± 1.2130.5 ± 2.3130.0 ± 2.2104.1 ± 2.1100.7 ± 1.9115.6 ± 0.8 Strength training97.8 ± 1.3113.1 ± 2.3124.6 ± 2.492.0 ± 2.293.5 ± 1.9104.4 ± 0.9Smoking Current122116.6394526.88131730.4797924.6367519.87513723.24 Former133717.0088218.28106116.0799817.2277421.12505217.64 Never528866.38289954.85323053.45319258.15223659.0216,84559.11Alcohol intake, drinks/d78460.20 ± 0.0147260.31 ± 0.0156080.45 ± 0.0251690.32 ± 0.0136850.31 ± 0.0127,0340.31 ± 0.00 Non-drinker178422.57107223.25112719.81102120.4752714.76553120.64  \< 1/2 drink/d493262.39256454.06294150.07296755.46215058.4415,55456.53 1/2--1 drink/d97812.6987216.28111619.4799818.7385122.22481517.17 1--\< 2 drinks/d1071.641524.292536.081243.111093.207453.52 2--\< 4 drinks/d340.52491.661393.69471.74361.063051.68  ≥ 4 drinks/d110.19170.47320.88120.47120.32840.45Sleep, hrs/night78466.58 ± 0.0247266.05 ± 0.0356086.14 ± 0.0351696.24 ± 0.0336856.55 ± 0.0227,0346.33 ± 0.01  \< 5 h/night5036.4561615.1067413.5153612.651864.77251510.36 5--\< 6 h/night115814.4996021.71119022.52103120.0655114.63489018.48 6--\< 7 h/night243331.56159932.88183531.87174031.74127834.35888532.27 7--\< 8 h/night219628.0196718.71119418.97118621.51108729.80663023.54 8--\< 9 h/night130916.574899.7958010.8256111.4950914.23344812.92 9--\< 10 h/night1762.11581.03671.05571.20441.274021.42 ≥ 10 h/night710.81370.76681.26581.34300.942641.01Medical conditionsHigh blood pressure88711.783616.275912.577513.845611.7371313.0High cholesterol96512.185813.96598.298915.362715.6409812.7High triglycerides4545.93245.21792.14707.43187.717455.5Low HDL cholesterol4746.14166.72192.74787.73348.119216.1High blood glucose921.11101.8781.11512.4681.64991.5Body mass index, kg/m^2^784625.74 ± 0.04472626.57 ± 0.07560825.36 ± 0.05516926.42 ± 0.06368526.33 ± 0.0627,03426.02 ± 0.03 Overweight/obese430958.2312867.8300558.2335866.0249267.616,29262.6Total conditions, N78460.37 ± 0.0147260.44 ± 0.0156080.27 ± 0.0151690.47 ± 0.0236850.45 ± 0.0227,0340.39 ± 0.01 ≥ 1 condition(s)174922.3152827.1126318.5160726.5104726.1719423.7^a^ Characteristics are weighted to representative populations^b^ Pay grade E denotes Enlisted, W denotes Warrant Officer, and O denotes Officer

Weighted responses indicated low weekly intake of fried food, sweets, and snacks (\~ 3--4 ser/wk), moderate intake of starches and sugary drinks (\~ 5--6 ser/wk), and at least daily intake of fruit, vegetables, whole grains, dairy, lean meat, and caffeinated drinks (\~ 8--10 ser/wk). Respondents reported 175, 116, and 104 min/wk. of moderate exercise, vigorous exercise, and strength training, respectively. Nearly 60% of the weighted sample reported never smoking. Average intake of alcohol in the prior month was a third of drink per day, with \> 20% of the weighted sample reporting no alcohol intake. Average sleep duration was 6.3 h/night, with 32% reporting 6--7 h/night---the largest sleep category.

Nearly 24% of the sample reported having at least one medical condition of five possible doctor-informed conditions: 13.0% reported high blood pressure; 12.7% high cholesterol; 5.5% high triglycerides; 6.1% low HDL cholesterol; and 1.5% high blood glucose. Nearly 63% of the sample categorized themselves as overweight or obese, and mean BMI was 26 kg/m^2^.

Associations of sociodemographic variables and health behaviors {#Sec10}
---------------------------------------------------------------

In fully-adjusted models, several sociodemographic characteristics were associated with health behaviors. Exercise (both aerobic and strength training) duration was longer in younger age groups, males, those in the Army or Marine Corps, service members with higher educational attainment, separated/divorced/widowed, or individuals without children present (Table [2](#Tab2){ref-type="table"}). Alcohol intake was highest in those age 21--25 y, and lower in higher age groups, was highest in those in the Marine Corps, males, in those with lower educational attainment, non-Hispanic whites, and was lowest among those currently married and those with children present. Average sleep time was longest in the youngest age category and in those in the Air Force or Coast Guard. Current smoking was less likely in the older age categories, among those in the Army or Marine Corps, in the currently or previously married, and was more likely in males, in those with higher educational attainment, and in non-Hispanic blacks.Table 2Associations between sociodemographic characteristics and health behaviors (i.e., exercise, alcohol, sleep, and smoking)^a^Mean ± SEOR (95% CI)Demographic CharacteristicCategoriesModerate exercise (min/wk)Vigorous exercise (min/wk)Strength training (min/wk)Alcohol (drinks/d)Sleep (hrs/night)Current smokingAge≤20 yrs. (ref.)171.9 ± 8.33122.5 ± 8.28104.3 ± 7.710.05 ± 0.036.5 ± 0.08121--25 yrs155.1 ± 6.84111.7 ± 7.24**101.7 ± 6.33**0.31 ± 0.026.3 ± 0.060.68 (0.57--0.80)26--35 yrs150.7 ± 6.46104.2 ± 7.0088.8 ± 6.000.27 ± 0.026.2 ± 0.050.50 (0.41--0.60)36--45 yrs137.4 ± 6.4789.6 ± 7.0270.4 ± 6.000.22 ± 0.026.1 ± 0.050.52 (0.42--0.64)46+ yrs133.3 ± 7.4181.3 ± 7.5762.1 ± 6.510.20 ± 0.026.1 ± 0.060.46 (0.36--0.59)ServiceArmy (ref.)178.0 ± 6.78119.1 ± 7.2496.6 ± 6.280.22 ± 0.026.0 ± 0.061Air Force135.0 ± 6.4597.6 ± 7.0081.9 ± 5.990.11 ± 0.026.5 ± 0.051.66 (1.50--1.83)Coast Guard137.4 ± 6.7988.3 ± 7.2077.6 ± 6.23**0.20 ± 0.02**6.5 ± 0.061.46 (1.30--1.63)Marine Corps155.5 ± 6.74112.1 ± 7.20**97.0 ± 6.28**0.32 ± 0.02**6.0 ± 0.061.04 (0.92--1.17)**Navy142.5 ± 6.7092.2 ± 7.1474.3 ± 6.19**0.22 ± 0.02**6.2 ± 0.061.18 (1.05--1.32)SexFemale (ref.)141.6 ± 6.4589.6 ± 6.9966.1 ± 5.960.14 ± 0.026.3 ± 0.051Male157.7 ± 6.42114.1 ± 6.98104.8 ± 5.980.29 ± 0.026.2 ± 0.051.24 (1.16--1.33)EducationHigh school or equiv. (ref.)139.6 ± 6.8291.5 ± 7.2679.3 ± 6.330.27 ± 0.026.2 ± 0.061Some college149.4 ± 6.6299.9 ± 7.1284.7 ± 6.120.22 ± 0.02**6.1 ± 0.06**1.26 (1.15--1.38)2-year college**145.6 ± 6.88**101.4 ± 7.3187.4 ± 6.360.20 ± 0.02**6.2 ± 0.06**1.65 (1.47--1.85)4-year college160.0 ± 6.87106.5 ± 7.2689.8 ± 6.310.18 ± 0.026.3 ± 0.062.73 (2.38--3.13)Beyond college153.8 ± 6.93110.0 ± 7.32**86.0 ± 6.34**0.18 ± 0.026.4 ± 0.063.28 (2.79--3.84)Race/ethnicityNon-Hispanic white (ref.)155.0 ± 6.36101.4 ± 6.9374.8 ± 5.910.27 ± 0.026.3 ± 0.051Non-Hispanic black144.3 ± 6.89**95.7 ± 7.34**90.0 ± 6.390.16 ± 0.02**6.2 ± 0.06**3.57 (3.11--4.09)Hispanic**151.6 ± 6.86**108.8 ± 7.3091.4 ± 6.390.22 ± 0.02**6.3 ± 0.06**1.73 (1.56--1.92)Other/multiple**147.9 ± 7.12101.5 ± 7.47**85.6 ± 6.580.18 ± 0.026.1 ± 0.061.17 (1.04--1.32)Marital statusNever married (ref.)144.6 ± 6.62101.8 ± 7.1183.4 ± 6.140.23 ± 0.026.3 ± 0.061Currently married**150.3 ± 6.3699.4 ± 6.9480.6 ± 5.93**0.15 ± 0.02**6.4 ± 0.05**0.85 (0.77--0.93)Separated/divorced/ widowed154.1 ± 6.98**104.4 ± 7.32**92.4 ± 6.44**0.25 ± 0.02**6.0 ± 0.060.59 (0.52--0.67)Children0 children (ref.)154.0 ± 6.37105.2 ± 6.9489.3 ± 5.930.24 ± 0.026.3 ± 0.0511+ children145.3 ± 6.5698.5 ± 7.0781.5 ± 6.080.18 ± 0.026.2 ± 0.050.89 (0.83--0.96)Pay gradeE1-E4 (ref.)176.1 ± 2.82**107.1 ± 2.36**99.5 ± 2.400.16 ± 0.016.3 ± 0.031E5-E6167.7 ± 2.73**108.4 ± 2.3097.9 ± 2.330.18 ± 0.01**6.2 ± 0.030.82 (0.75--0.91)E7-E9165.3 ± 3.14**111.0 ± 2.6197.3 ± 2.66**0.24 ± 0.01**6.3 ± 0.030.93 (0.82--1.06)**WO1-WO5161.5 ± 5.60**102.3 ± 4.35**87.9 ± 4.300.24 ± 0.026.5 ± 0.05**1.12 (0.91--1.37)**O1-O3150.3 ± 3.64**102.7 ± 3.06**87.0 ± 3.100.22 ± 0.016.5 ± 0.031.72 (1.48--2.00)O4-O10143.3 ± 4.28**101.9 ± 3.57**82.3 ± 3.420.30 ± 0.016.4 ± 0.042.24 (1.84--2.73)^a^ Reference categories are indicated for tests of differences between means or for odds ratios. All differences from the reference category are statistically significant (*P* \< 0.05), except for means or odds ratios in bold. Linear regressions to estimate least square means, and logistic regressions to estimate odds ratios were adjusted for sample weights. Multivariate analyses included all demographic characteristics simultaneously

Dietary intake of all food groups except vegetables was highest in the youngest age category, and was lower in progressively older age categories (Table [3](#Tab3){ref-type="table"}). Differences in food intake (e.g., starch and fried food) between service branches were small (\< 2 ser/wk) or statistically the same across all sociodemographic characteristics. Females reported higher intake than males of fruit, vegetables, and dairy, and lower intake of sugary drinks and fried foods. Those with higher education reported higher intakes of fruit, vegetables, whole grains, and dairy than those with lower education. Those who reported being currently married or having children present reported higher intake of fruit, starches, vegetables, whole grains, and dairy relative to their not married or childless counterparts.Table 3Means of dietary intake by sociodemographic characteristics^a^Servings/week (mean ± SE)CharacteristicCategoriesFruitStarchVegetablesWhole grainsDairySweetsSugary drinksCaffeinated drinksFried foodAge≤20 yrs. (ref.)9.5 ± 0.416.3 ± 0.35**10.7 ± 0.40**10.9 ± 0.4610.5 ± 0.674.7 ± 0.264.9 ± 0.365.7 ± 0.333.3 ± 0.2321--25 yrs9.0 ± 0.345.7 ± 0.29**10.6 ± 0.33**10.3 ± 0.4010.0 ± 0.634.0 ± 0.184.2 ± 0.26**6.0 ± 0.24**2.7 ± 0.1426--35 yrs8.9 ± 0.325.5 ± 0.27**10.9 ± 0.31**9.8 ± 0.399.3 ± 0.623.8 ± 0.163.7 ± 0.247.0 ± 0.212.4 ± 0.1236--45 yrs8.3 ± 0.335.0 ± 0.27**10.4 ± 0.32**8.8 ± 0.398.2 ± 0.623.3 ± 0.163.3 ± 0.248.1 ± 0.212.1 ± 0.1246+ yrs8.3 ± 0.374.4 ± 0.30**10.4 ± 0.36**8.2 ± 0.427.7 ± 0.643.1 ± 0.202.8 ± 0.289.0 ± 0.311.8 ± 0.14ServiceArmy (ref.)8.1 ± 0.345.5 ± 0.2810.2 ± 0.339.5 ± 0.409.2 ± 0.633.9 ± 0.184.6 ± 0.267.4 ± 0.232.5 ± 0.14Air Force8.8 ± 0.33**5.2 ± 0.27**10.6 ± 0.31**9.7 ± 0.399.2 ± 0.62**3.6 ± 0.163.5 ± 0.246.3 ± 0.21**2.4 ± 0.12**Coast Guard9.5 ± 0.34**5.4 ± 0.28**11.2 ± 0.339.9 ± 0.409.7 ± 0.63**3.8 ± 0.17**3.1 ± 0.25**7.7 ± 0.242.4 ± 0.13**Marine Corps8.6 ± 0.34**5.4 ± 0.2810.2 ± 0.339.3 ± 0.40**8.6 ± 0.63**3.7 ± 0.17**4.0 ± 0.26**7.2 ± 0.232.5 ± 0.14**Navy9.0 ± 0.34**5.4 ± 0.28**10.7 ± 0.33**9.5 ± 0.409.0 ± 0.633.9 ± 0.17**3.7 ± 0.25**7.1 ± 0.232.6 ± 0.14**SexFemale (ref.)9.3 ± 0.334.8 ± 0.2711.0 ± 0.319.4 ± 0.399.3 ± 0.623.8 ± 0.162.9 ± 0.246.7 ± 0.212.0 ± 0.12Male8.3 ± 0.326.0 ± 0.2710.2 ± 0.319.8 ± 0.398.9 ± 0.62**3.7 ± 0.16**4.6 ± 0.247.6 ± 0.203.0 ± 0.12EducationHigh school or equiv. (ref.)8.0 ± 0.345.2 ± 0.299.8 ± 0.338.7 ± 0.408.8 ± 0.633.9 ± 0.185.0 ± 0.267.6 ± 0.242.8 ± 0.14Some college8.5 ± 0.33**5.4 ± 0.28**10.4 ± 0.329.3 ± 0.399.1 ± 0.62**3.5 ± 0.16**4.0 ± 0.247.2 ± 0.222.6 ± 0.132-year college8.9 ± 0.355.6 ± 0.2910.6 ± 0.349.7 ± 0.40**9.1 ± 0.63**3.7 ± 0.183.4 ± 0.26**7.3 ± 0.25**2.4 ± 0.144-year college9.2 ± 0.34**5.3 ± 0.29**10.8 ± 0.3310.0 ± 0.409.3 ± 0.634.0 ± 0.183.4 ± 0.266.8 ± 0.242.4 ± 0.14Beyond college9.5 ± 0.35**5.4 ± 0.29**11.4 ± 0.3410.3 ± 0.409.4 ± 0.633.9 ± 0.183.1 ± 0.267.0 ± 0.252.2 ± 0.14Race/ethnicityNon-Hispanic white (ref.)9.0 ± 0.325.6 ± 0.2711.3 ± 0.3110.2 ± 0.3810.4 ± 0.623.7 ± 0.153.7 ± 0.239.3 ± 0.202.2 ± 0.12Non-Hispanic black8.5 ± 0.355.3 ± 0.2910.0 ± 0.348.9 ± 0.418.1 ± 0.634.1 ± 0.194.8 ± 0.274.6 ± 0.233.0 ± 0.16Hispanic8.6 ± 0.345.0 ± 0.2910.0 ± 0.339.2 ± 0.409.1 ± 0.633.4 ± 0.183.2 ± 0.266.8 ± 0.23**2.1 ± 0.14**Other/multiple**9.1 ± 0.365.7 ± 0.3011.2 ± 0.3510.1 ± 0.41**8.9 ± 0.64**3.8 ± 0.19**3.4 ± 0.277.9 ± 0.262.5 ± 0.15Marital statusNever married (ref.)8.6 ± 0.335.4 ± 0.2810.3 ± 0.329.5 ± 0.398.8 ± 0.623.9 ± 0.173.8 ± 0.256.9 ± 0.222.7 ± 0.13Currently married9.0 ± 0.325.5 ± 0.2711.0 ± 0.3110.0 ± 0.389.6 ± 0.62**3.8 ± 0.153.6 ± 0.237.0 ± 0.20**2.2 ± 0.12Separated/divorced/ widowed**8.8 ± 0.35**5.2 ± 0.29**10.4 ± 0.349.4 ± 0.409.0 ± 0.633.7 ± 0.183.9 ± 0.27**7.5 ± 0.25**2.5 ± 0.15**Children0 children (ref.)8.5 ± 0.325.2 ± 0.2710.3 ± 0.319.4 ± 0.388.7 ± 0.623.8 ± 0.153.8 ± 0.237.0 ± 0.202.6 ± 0.121+ children9.1 ± 0.335.6 ± 0.2810.9 ± 0.329.8 ± 0.399.6 ± 0.62**3.8 ± 0.163.7 ± 0.24**7.3 ± 0.222.4 ± 0.13Pay gradeE1-E4 (ref.)8.9 ± 0.145.7 ± 0.12**9.3 ± 0.13**9.0 ± 0.138.7 ± 0.133.7 ± 0.104.8 ± 0.136.0 ± 0.152.8 ± 0.08E5-E6**8.7 ± 0.135.5 ± 0.119.4 ± 0.13**8.7 ± 0.13**8.5 ± 0.133.8 ± 0.104.6 ± 0.13**7.2 ± 0.142.6 ± 0.08E7-E98.5 ± 0.155.2 ± 0.12**9.3 ± 0.15**8.4 ± 0.158.2 ± 0.15**3.8 ± 0.11**4.0 ± 0.158.1 ± 0.182.6 ± 0.09WO1-WO5**8.7 ± 0.27**5.1 ± 0.19**8.9 ± 0.25**8.1 ± 0.25**8.2 ± 0.253.9 ± 0.18**3.5 ± 0.218.5 ± 0.31**2.7 ± 0.14**O1-O3**9.3 ± 0.18**5.1 ± 0.14**9.5 ± 0.189.0 ± 0.189.0 ± 0.17**4.1 ± 0.133.8 ± 0.167.2 ± 0.202.5 ± 0.10O4-O10**9.3 ± 0.21**5.2 ± 0.16**9.2 ± 0.218.6 ± 0.218.8 ± 0.20**4.7 ± 0.153.6 ± 0.188.4 ± 0.25**2.7 ± 0.11**^a^ Reference categories are indicated for tests of differences between means. All differences from the reference category are statistically significant (*P* \< 0.05), except for means in bold. Linear regressions to estimate least square means were adjusted for sample weights. Multivariate analyses included all demographic characteristics simultaneously

Demographic variables associated with medical conditions {#Sec11}
--------------------------------------------------------

In the fully-adjusted models, specific sociodemographic characteristics were associated with doctor-informed medical conditions and overweight/obesity (Table [4](#Tab4){ref-type="table"}; Additional file [1](#MOESM1){ref-type="media"}: Table S3). Odds of all conditions were higher amongst older age compared to the youngest age category, and in males compared to females, except for high blood glucose for which females had higher odds than males.Table 4Odds ratios (95%CI) of medical conditions by sociodemographic characteristics ^a^CharacteristicCategoriesHigh blood pressureHigh cholesterolHigh triglyceridesLow HDL cholesterolHigh blood glucoseOverweight/ obesityCases (N)371340981745192149916,292Age21--25 yrs**1.69 (1.13--2.53)**1.27 (0.67--2.38)1.25 (0.41--3.83)1.21 (0.45--3.25)1.13 (0.34--3.79)**1.54 (1.28--1.84)**(vs. ≤20 yrs)26--35 yrs**2.30 (1.51--3.50)2.94 (1.57--5.50)**2.59 (0.87--7.74)**2.79 (1.05--7.38)**1.34 (0.40--4.54)**2.21 (1.80--2.70)**36--45 yrs**3.77 (2.43--5.83)8.12 (4.28--15.38)7.94 (2.63--23.93)6.86 (2.57--18.32)3.54 (1.04--12.06)3.82 (3.05--4.78)**46+ yrs**6.33 (4.01--10.01)12.54 (6.54--24.06)11.81 (3.88--36.00)11.80 (4.37--31.88)10.06 (2.85--35.52)4.19 (3.22--5.45)**Service BranchAir Force**0.80 (0.70--0.91)**0.98 (0.86--1.11)**1.26 (1.05--1.52)**0.97 (0.82--1.15)0.73 (0.52--1.02)**0.79 (0.71--0.88)**(vs. Army)Coast Guard**0.72 (0.62--0.85)1.24 (1.07--1.44)1.59 (1.29--1.95)1.27 (1.04--1.54)**1.01 (0.68--1.50)1.05 (0.93--1.19)Marine Corps0.98 (0.84--1.15)0.95 (0.81--1.11)**0.68 (0.52--0.88)0.66 (0.53--0.83)**1.01 (0.69--1.50)**0.78 (0.69--0.88)**Navy**0.85 (0.73--0.99)1.24 (1.07--1.43)1.57 (1.28--1.91)1.25 (1.04--1.51)1.45 (1.05--2.02)**1.04 (0.91--1.18)Sex (vs. male)Female**0.54 (0.49--0.60)0.65 (0.58--0.72)0.56 (0.47--0.66)0.47 (0.40--0.55)1.35 (1.03--1.77)0.29 (0.27--0.31)**EducationSome college0.99 (0.87--1.14)1.15 (0.98--1.34)1.18 (0.94--1.48)**1.25 (1.00--1.56)**0.95 (0.66--1.36)1.03 (0.93--1.14)(vs. high school or equiv.)2-year college**0.84 (0.71--0.99)**1.13 (0.95--1.34)**1.33 (1.03--1.70)1.50 (1.18--1.91)**1.01 (0.67--1.51)**0.88 (0.77--1.00)**4-year college**0.84 (0.69--1.00)**1.19 (0.98--1.43)**1.59 (1.22--2.08)1.52 (1.18--1.96)**0.62 (0.40--0.98)0.94 (0.81--1.09)Beyond college0.89 (0.72--1.08)**1.39 (1.13--1.71)1.73 (1.30--2.30)1.92 (1.45--2.56)**1.11 (0.67--1.82)**0.83 (0.70--0.98)**Race/ethnicityHispanic0.89 (0.77--1.03)1.06 (0.91--1.22)1.04 (0.84--1.27)0.90 (0.73--1.10)**1.39 (1.00--1.95)1.43 (1.28--1.59)**(vs. non-Hispanic white)Non-Hispanic black**1.68 (1.46--1.93)**1.11 (0.96--1.30)**0.58 (0.44--0.75)0.78 (0.62--0.98)**1.42 (0.99--2.05)**1.36 (1.20--1.55)**Other/multiple**1.43 (1.23--1.67)1.44 (1.23--1.67)1.37 (1.12--1.67)**1.20 (0.98--1.47)**1.90 (1.36--2.66)**0.91 (0.80--1.03)Marital statusCurrently married1.12 (0.97--1.31)**1.26 (1.08--1.48)**1.03 (0.81--1.30)0.96 (0.76--1.20)1.11 (0.72--1.72)**1.25 (1.14--1.38)**(vs. never married)Separated/divorced/ widowed**1.31 (1.10--1.57)**1.18 (0.98--1.42)0.93 (0.71--1.23)0.96 (0.74--1.25)1.42 (0.89--2.26)1.07 (0.94--1.21)Children (vs. none)1+ children1.06 (0.96--1.18)1.08 (0.98--1.20)**1.24 (1.08--1.43)1.32 (1.16--1.52)1.64 (1.27--2.11)1.23 (1.13--1.34)**Pay gradeE5-E6**1.57 (1.34--1.85)1.90 (1.58--2.28)2.10 (1.60--2.76)1.86 (1.41--2.46)1.63 (1.09--2.45)1.54 (1.39--1.72)**(vs. E1-E4)E7-E9**1.68 (1.39--2.03)2.07 (1.68--2.55)2.22 (1.64--3.00)2.13 (1.57--2.89)**1.41 (0.90--2.21)**1.73 (1.50--2.01)**WO1-WO5**1.41 (1.10--1.82)2.28 (1.76--2.95)2.23 (1.53--3.24)2.25 (1.55--3.26)**1.00 (0.55--1.81)**1.87 (1.49--2.35)**O1-O31.12 (0.90--1.39)**1.41 (1.13--1.77)1.42 (1.03--1.97)**1.34 (0.96--1.86)1.05 (0.61--1.80)**1.18 (1.01--1.37)**O4-O101.15 (0.90--1.47)**1.63 (1.27--2.09)1.49 (1.05--2.12)1.58 (1.11--2.27)**0.86 (0.48--1.54)**1.27 (1.04--1.55)**^a^ Logistic regressions were weighted by sample weights. Fully-adjusted models included all sociodemographic characteristics simultaneously, current enrollment in a weight-loss program, history of weight loss, and history of deployment. In bold text are odds ratios that are significantly different from the reference category. For simpler (less adjusted) models, see Additional file [1](#MOESM1){ref-type="media"}: Table S3

There were no discernible patterns in reported doctor-informed medical conditions and overweight/obesity between the service branches. However, those in the Navy had markedly higher odds of high blood glucose (\~ 45% higher odds compared with the Army) and those in the Coast Guard or Navy had markedly higher odds of high triglycerides (\~ 54--59% higher odds compared with the Army) (Table [4](#Tab4){ref-type="table"}).

Higher educational attainment tended to be associated with incrementally higher odds of high cholesterol, low HDL cholesterol, high triglycerides, and with lower odds of overweight/obesity, associations which were not accounted for by simultaneously adjusting for age. For example, relative to those with a high school education or equivalent, those with some college, 2 years of college, 4 years of college, and those with education beyond college, had 1.25, 1.50, 1.52, and 1.92 times the odds, respectively, of having low HDL cholesterol (Table [4](#Tab4){ref-type="table"}).

Compared to non-Hispanic whites, non-Hispanic blacks had 68% higher odds of high blood pressure, 36% higher odds of overweight/obesity, 42% lower odds of high triglycerides, and 22% lower odds of HDL. Hispanic personnel had 39% higher odds of high blood glucose, and 43% higher odds of overweight/obesity relative to non-Hispanic whites (Table [4](#Tab4){ref-type="table"}).

Currently married respondents, compared to those who were never married, had significantly higher odds of high cholesterol and overweight/obesity, while those who were separated/divorced/widowed had significantly higher odds of high blood pressure. Having children present in the home was also associated with having a medical condition: compared to those without children living with them, those with children had 24, 32, 64, and 23% higher odds of high triglycerides, low HDL cholesterol, high blood glucose, and overweight/obesity, respectively (Table [4](#Tab4){ref-type="table"}).

Behaviors associated doctor-informed medical conditions and overweight/obesity {#Sec12}
------------------------------------------------------------------------------

Of the 17 health behaviors assessed, the health behavior most consistently associated with every doctor-informed medical condition and overweight/obesity was shorter duration of sleep. In fully adjusted models, compared to sleeping 7--8 h/night, sleeping \< 5 h/night was associated with 1.36 (95% CI 1.18--1.57, for overweight/obesity) to up to 2.22 (95% CI 1.89--2.61, for hypertension) times the odds of having a medical condition (Fig. [1a](#Fig1){ref-type="fig"}--[f](#Fig1){ref-type="fig"}; Additional file [1](#MOESM1){ref-type="media"}: Table S4). Odds of most conditions also tended to be higher at sleep durations \< 6 h/night, relative to 7--8 h/night. Sleep durations of 8 h/night or longer were not statistically different from 7 to 8 h/night.Fig. 1Odds of doctor-informed medical conditions according to health behaviors. Forest plot of odds of having self-reported high blood pressure (**a**), cholesterol (**b**), triglycerides (**c**), blood glucose (**d**), low high-density lipoprotein \[HDL\] cholesterol (**e**), or being overweight/obese (**f**) by health behaviors. Models were adjusted for all behaviors simultaneously, sociodemographic characteristics (age, sex, service branch, education, race/ethnicity, marital status, children living with the respondent, and pay grade), current enrollment in a weight-loss program, history of weight loss, and history of deployment. Odds ratios are given by the enclosed squares; 95% confidence intervals are given by the bars. For related data, see Additional file [1](#MOESM1){ref-type="media"}: Table S4

In addition, in fully adjusted models, strength training was associated with 2--5% lower odds of lipid-related conditions (i.e., high cholesterol, high triglycerides, and low HDL) per 30 min/wk. increment, as well as high blood pressure, but slightly higher odds of overweight/obesity (4% per 30 min/wk. increment). Neither vigorous nor moderate exercise was consistently associated with medical conditions. Compared with never-smoking, current smoking, in fully adjusted models, was associated with higher odds of high blood pressure, low HDL cholesterol, and high triglycerides; only former smoking was associated with higher odds of overweight/obesity. Alcohol intake was also associated with higher odds of high blood pressure and blood glucose (Fig. [1a](#Fig1){ref-type="fig"}--[f](#Fig1){ref-type="fig"}; Additional file [1](#MOESM1){ref-type="media"}: Table S4).

Among the 11 dietary factors, across models, lean meats and sweets were associated with lower odds of high blood pressure, dairy with lower odds of high cholesterol, starch with lower odds of high triglycerides, and dairy and lean meat with lower odds of low HDL cholesterol. Intake of whole grains, snacks, sweets, and sugary drinks were associated with significantly lower odds of overweight/obesity, while caffeinated drinks were associated with higher odds (Fig. [1a](#Fig1){ref-type="fig"}--[f](#Fig1){ref-type="fig"}; Additional file [1](#MOESM1){ref-type="media"}: Table S4).

Factor analyses of behaviors and risks {#Sec13}
--------------------------------------

Exploratory factor analyses conducted found that 4 factors explained 9% of the variance in the original behavioral variables (Additional file [1](#MOESM1){ref-type="media"}: Table S2). They were characterized as "Healthy diet" (based on high loadings of fruit, starch, vegetable, whole grain, dairy, and lean meat intake), "Unhealthy diet" (based on high loadings of starch, snacks, sweets, sugary drinks, fried food, and caffeinated drinks), "Exercise" (based on high loadings of moderate and vigorous aerobic exercise and strength training), and "Bad habits" (based on high loadings of alcohol, smoking, and caffeinated drinks, and inverse loading of sleep). The factors were associated with medical conditions in generally expected ways: higher "Healthy diet" was consistently inversely associated with odds of high blood pressure, high cholesterol, high triglycerides, low HDL cholesterol, and overweight/obesity (Table [5](#Tab5){ref-type="table"}). Higher "Unhealthy diet" was only consistently associated with *lower* odds of overweight/obesity. "Exercise" was consistently associated with lower odds of high cholesterol, high triglycerides, high blood glucose, and low HDL cholesterol, and was associated with *higher* odds overweight/obesity. Finally, "Bad habits" was strongly associated with higher odds of high blood pressure, high cholesterol, high triglycerides, high blood glucose, low HDL cholesterol, and overweight/obesity.Table 5Odds ratios (95% CI) of medical conditions by derived behavioral factors ^a^FactorNameModel 1Model 2Model 3Odds of high blood pressure (N cases = 3713)1"Healthy diet"**0.86 (0.81--0.90)0.88 (0.83--0.93)0.87 (0.83--0.93)**2"Unhealthy diet"**0.89 (0.83--0.94)**0.96 (0.90--1.02)0.97 (0.91--1.03)3"Exercise"**0.89 (0.84--0.94)**0.95 (0.90--1.01)0.95 (0.89--1.01)4"Bad habits"**1.40 (1.34--1.48)1.41 (1.33--1.49)1.39 (1.31--1.48)**Odds of high cholesterol (N cases = 4098)1"Healthy diet"**0.87 (0.82--0.91)0.83 (0.79--0.88)0.83 (0.79--0.88)**2"Unhealthy diet"**0.83 (0.78--0.88)**1.00 (0.93--1.06)1.00 (0.94--1.07)3"Exercise"**0.70 (0.66--0.74)0.85 (0.80--0.90)0.85 (0.80--0.90)**4"Bad habits"**1.08 (1.03--1.13)1.10 (1.04--1.17)**1.10 (1.03--1.17)Odds of high triglycerides (N cases = 1745)1"Healthy diet"**0.89 (0.83--0.96)0.83 (0.77--0.90)0.83 (0.77--0.90)**2"Unhealthy diet"**0.77 (0.71--0.84)**0.93 (0.85--1.02)0.94 (0.85--1.03)3"Exercise"**0.61 (0.56--0.67)0.79 (0.72--0.86)0.78 (0.71--0.85)**4"Bad habits"**1.11 (1.04--1.18)1.16 (1.07--1.26)1.15 (1.06--1.26)**High blood glucose (N cases = 499)1"Healthy diet"**0.85 (0.73--0.99)**0.87 (0.76--1.01)0.87 (0.75--1.00)2"Unhealthy diet"**0.72 (0.61--0.86)**0.85 (0.72--1.00)0.87 (0.74--1.03)3"Exercise"**0.64 (0.52--0.77)0.75 (0.62--0.91)0.74 (0.61--0.90)**4"Bad habits"**1.21 (1.08--1.36)1.25 (1.09--1.44)1.25 (1.08--1.44)**Low HDL cholesterol (N cases = 1921)1"Healthy diet"**0.91 (0.85--0.98)0.86 (0.80--0.93)0.86 (0.80--0.93)**2"Unhealthy diet"**0.81 (0.75--0.88)**0.97 (0.89--1.06)0.98 (0.90--1.07)3"Exercise"**0.63 (0.58--0.69)0.79 (0.72--0.87)0.79 (0.72--0.86)**4"Bad habits"**1.11 (1.04--1.19)1.16 (1.07--1.27)1.16 (1.06--1.26)**Odds of overweight/obesity (N cases = 16,292)1"Healthy diet"**0.94 (0.91--0.98)0.94 (0.91--0.99)0.95 (0.91--0.99)**2"Unhealthy diet"**0.75 (0.72--0.78)0.78 (0.74--0.81)0.80 (0.76--0.83)**3"Exercise"**1.05 (1.01--1.09)1.11 (1.06--1.16)1.12 (1.07--1.18)**4"Bad habits"**1.20 (1.15--1.25)1.10 (1.05--1.16)1.09 (1.04--1.15)**^a^ Logistic regressions were weighted by sample weights and can be interpreted as odds of the outcome per unit increase in the factor score. Model 1 was adjusted for all factors simultaneously. Model 2 was additionally adjusted for all sociodemographic characteristics (see Table [1](#Tab1){ref-type="table"}). Model 3 was additionally adjusted for current enrollment in a weight-loss program, history of weight loss, and history of deployment. For additional details on the derived factors, see Additional file [1](#MOESM1){ref-type="media"}: Table S2. In bold text are odds ratios that are significantly different from the reference category

Discussion {#Sec14}
==========

We used a large anonymous self-reported survey of the Armed Forces to assess relationships between sociodemographic characteristics, health behaviors, and doctor-informed medical conditions and overweight/obesity. When we examined individual health behaviors and medical conditions, by far the most consistent and largest relationship was between low sleep duration and higher odds of every medical condition. Otherwise, other behaviors, including dietary and exercise behaviors, were inconsistently associated with medical conditions. Age, sex, marital status, and presence of children appeared to be the only relatively consistent sociodemographic factors related to health behaviors. Older individuals, females, and those residing with children tended to exercise less, but eat healthier foods and not smoke. Older individuals also slept less, as did those with children present. Those who were married appeared to have consumed a better diet, exercised more, and slept more than their non-married counterparts. In terms of medical conditions, older age and female sex appeared to be the only consistent drivers of higher and lower odds, respectively, of the presence of a given medical condition. Relationships of race/ethnicity, education, service branch, and marital status with medical conditions were inconsistent. Finally, in exploratory factor analyses of health behaviors, associations of behavioral patterns---two patterns in particular---with medical conditions were associated with medical conditions as expected: the pattern characterized by a "healthy" diet was associated with lower odds of all medical conditions except high blood pressure, while the pattern characterized by "bad" habits (including lack of sleep) was associated with higher odds of every medical condition.

We observed robust associations between short sleep and each medical condition in the present study, ranging from 36% higher odds of overweight/obesity to over double the odds of hypertension, in contrast to inconsistent findings for diet and exercise, and smoking. There is increasing evidence of the importance of sleep to health \[[@CR17]--[@CR23]\], for example, a 2015 meta-analysis of 10 prospective cohort studies investigating sleep in relation to type 2 diabetes risk reported a U-shaped, dose-response relationship between sleep duration and diabetes risk \[[@CR22]\]. The lowest risk was observed at sleep durations of 7--8 h/day, with incrementally higher risk of diabetes below or above that duration. Several reports have linked short sleep durations with higher risk of overweight/obesity \[[@CR17], [@CR20], [@CR21]\], including an analysis of the representative U.S. population, in which authors reported that, relative to those who slept 7--8 h/day, very short sleepers (\< 5 h) had 30% higher odds of being overweight and were twice as likely to be obese, while (5--6 h) short sleepers had 20% higher odds of being overweight and 57% higher odds of being obese \[[@CR20]\]. In addition, a 2013 meta-analysis of 17 cohorts investigating the relationship between sleep duration and incident hypertension reported that short sleep duration conferred 21% higher risk of developing the condition \[[@CR18]\]. Because recommendations to change diet, exercise, and smoking behaviors, but not sleep behaviors, are a part of many primary and secondary prevention recommendations \[[@CR24]--[@CR26]\], it is possible that individuals are more likely to make changes to these behaviors, rather than sleep, in an effort to prevent or as a result of receiving a diagnosis. In fact, sleep is not mentioned as a modifiable risk factor in disease prevention/management guidelines from the American Diabetes Association or from the American College of Cardiology/American Heart Association \[[@CR24]--[@CR26]\], and thus may not be a part of lifestyle changes individuals undertake to modify their perceived disease risk.

In military populations, the critical importance of sleep has only recently become part of the "Performance Triad", an educational initiative introduced in 2013 on health readiness and wellness including 1) physical activity; 2) nutrition; and 3) sleep \[[@CR27], [@CR28]\]. Our data therefore confirm the importance of the inclusion of sleep in the "Triad" initiative. In our study, poor sleep may also be a complex product of poor health, and occupational or personal stress \[[@CR29], [@CR30]\]. Other studies have indicated that sleep disorders, including insomnia and sleep apnea, appear to be more common in service members than in civilians \[[@CR31]--[@CR33]\]. Our observations using self-reported survey data, on the strong relationship between poor sleep and behaviors and medical conditions, agree with other studies usingself-reported surveys of military personnel \[[@CR34]\].

Our observations regarding select sociodemographic characteristics, notably age, sex, and marital status, as being associated with select health behaviors generally agree with existing evidence \[[@CR2], [@CR7]\]. With the exception of odds of high blood glucose, which was higher in females versus males, other associations of age and sex---well-known biological drivers of health risks---were as generally expected. Married individuals reported better health behaviors than never- or previously married individuals; however this did not necessarily translate into lower odds of having medical conditions for married individuals. Given the cross-sectional nature of the study design, we can only speculate as to why: first, married individuals may be more likely to seek routine medical care at the urging of their spouse \[[@CR35]--[@CR37]\], and thus have been told by a physician of a prevalent condition that would have otherwise gone undetected. Second, cross-sectional analyses preclude assessment of sequential behaviors; the reported behaviors may be in response to a diagnosis, a form of reverse causality. In addition, although analyses were adjusted for age and presence of children, as well as other sociodemographic characteristics, relationships between marital status and medical conditions are nuanced and complicated by time-related factors, including secular trends \[[@CR37]--[@CR39]\]. For example, a recent study using data from a panel of nationally representative households observed that while a protective association of long marriage on women's self-reported health was evident in the earlier birth cohort (born 1955--1964), it had reversed in the most recent birth cohort (born 1975--1984) \[[@CR39]\].

There were other unexpected associations. For example, we observed intake of snacks, sweets, and sugary drinks (in addition to the "Unhealthy diet" factor which included these foods) were associated with lower odds of overweight/obesity, which is generally the opposite of what would be expected given evidence regarding the long-term negative consequences of consuming these foods on health \[[@CR40]--[@CR43]\]. These associations held despite adjusting for history of weight loss and current enrollment in a weight control program. It is possible this finding reflects the generally young age of the respondents in this military population, or that some respondents were simply not at risk of overweight. This observation, in fact, appears to be consistent with cross-sectional nationally representative NHANES data on snacking and sugary beverages in both adolescents \[[@CR44]\] and adults \[[@CR45]\] which have shown no clearly discernible associations with overweight or obesity. In addition, state-based BRFSS 2013 data indicate that sugar-sweetened beverage intake declines with higher age. Intake was most prevalent among younger adults (age 18--24 y), at 43% reporting consuming these beverages one or more times per day, while those in older age groups reported less consumption (38% of those age 25--34 y, 30% in those age 35--54 y, and 19% in those age ≥ 55 y) \[[@CR46]\]. On the other hand, our exploratory observations regarding the "healthy diet" pattern and favorable odds of medical conditions were consistent with dietary pattern literature \[[@CR47]--[@CR50]\].

As noted above, our analyses are limited by the cross-sectional nature of the survey, which precludes causal inferences. Particularly when assessing health behaviors and medical conditions concurrently, a behavioral pattern may reflect a subset of respondents who have changed their behaviors as result of having been alerted to a health risk \[[@CR51]--[@CR56]\]. Furthermore, we were limited to gross rather than granular assessments of dietary components. We were also likely limited in the validity of our inferences by social desirability response bias of self-reported data. In addition, non-response bias, length of the survey, and fear of loss of anonymity among either non-respondents or due to selective non-responses in those excluded from the present analysis may also limit our ability to make inferences or generalize our findings to the broader Armed Services, despite using revised sampling weights to accommodate exclusions.

Conclusions {#Sec15}
===========

This study presents relationships between sociodemographic characteristics, health behaviors, and doctor-informed medical conditions and overweight/obesity in the U.S. Armed Forces, which are typically not included, or not separately reported, in national or state health surveys.

Despite aforementioned limitations and our inability to deduce causal relationships, we observed pronounced associations between health behaviors---especially sleep duration---and medical conditions, thus adding to evidence that sleep is a critical, potentially modifiable behavior within this population. It is recognized that there are times when sleep restriction is unavoidable in this population (e.g., during periodic training and mission scenarios), however, adequate sleep should continue to be promoted as an important part of overall health and wellness throughout the military community.
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===============

 {#Sec16}

Additional file 1:**Table S1.** Unweighted, unadjusted characteristics of respondents who were included vs. excluded in the present analysis, from the 2011 Health Related Behaviors Survey. **Table S2.** Factors and factor loadings of 17 health behaviors derived from principal components analysis with varimax rotation. **Table S3.** Odds ratios (95% CI) of medical conditions by sociodemographic characteristics. **Table S4.** Description of Data: Odds ratios (95% CI) of medical conditions by health behaviors. (DOCX 50 kb)
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